2؉ is coordinated with a nitrate anion and a water molecule, and they are held together by the hydrogen bonding interactions to form a ladder-like chain. The magnetic susceptibility data of 1 and 2 measured in 2+300 K provide the magnetic parameters, g ‫؍‬ 2.08, J ‫؍‬ ؊ 166 cm ) for 2. These indicate that very strong antiferromagnetic interactions occur along the rungs of the ladder via the oxalate bridge and weak ferromagnetic interactions along the chains.
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2؉ is coordinated with a nitrate anion and a water molecule, and they are held together by the hydrogen bonding interactions to form a ladder-like chain. The magnetic susceptibility data of 1 and 2 measured in 2+300 K provide the magnetic parameters, g ‫؍‬ 2.08, J ‫؍‬ ؊ 166 cm ) for 2. These indicate that very strong antiferromagnetic interactions occur along the rungs of the ladder via the oxalate bridge and weak ferromagnetic interactions along the chains.
INTRODUCTION
The crystal engineering of one-(1D), two-(2D), and three-dimensional (3D) coordination polymers is of great interest (1}6) because of the novel topologies of the compounds and their physicochemical properties such as magnetism and electrical conductivity. We have been interested in ladder-like coordination polymers containing paramagnetic metal centers to see how the magnetic exchangecoupling interactions occur between the adjacent metal ions. The oxalate-bridged dicopper(II) complexes (7) would be the good candidates for building the ladder-like compounds since the two copper(II) ions in the dimeric unit can coordinate other bridging ligands at the axial positions. Dicopper(II) complexes containing oxalato bridging ligands have been studied as potential models for binuclear copper metalloprotein active sites (8, 9). They were also employed for the investigation of exchange-coupling interactions between adjacent metal ions (10, 11) . The oxalato ligand is known to mediate the magnetic interactions between the two metal centers connected by the ligand (11, 12) .
In this paper, we report the structures and magnetic properties of two ladder-like copper(II) coordination poly-
), which are self-assembled by CuX (X"ClO\ and NO\ ), histamine, and oxalate in water.
EXPERIMENTAL

General Methods
All chemicals and solvents used in the synthesis were of reagent grade and used without further puri"cation. Infrared spectra were recorded with a Perkin Elmer 2000 FT-IR spectrophotometer. Elemental analyses were performed by the analytical laboratory of Seoul National University. UV/vis di!use re#ectance spectra were recorded with a Cary 300 Bio UV/vis spectrophotometer. Magnetic susceptibility was measured in the temperature range of 2}300 K at 1 T on a Quantum Design MPMS superconducting quantum interference device (SQUID). Diamagnetic corrections were made by using Pascal's constants. 
Synthesis Safety Note
Although we have experienced no problem with the compounds reported in this work, perchlorate salts of metal complexes with organic ligands are often explosive and should be handled with great caution.
[Cu 2 (histamine) 2 
X-Ray Diwraction Measurements
Single crystals of 1 (0.3;0.5;0.7 mm) and 2 (0.5; 0.5;0.7 mm) were mounted on an Enraf-Nonius CAD4 di!ractometer. The unit cell parameters were determined from 25 machine-centered re#ections with 2242 4293 for 1 and 2242 4283 for 2. Intensities were collected with graphite-monochromated MoK radiation, using the }2 scan. Three standard re#ections were measured every 2 h as orientation and intensity control and no signi"cant intensity decay was observed. Lorentz and polarization corrections were made. No absorption correction was made. The crystal structures for 1 and 2 were solved by Patterson methods (13) and re"ned by full-matrix least-squares methods using the program SHELXL97 (14) . The positions of all nonhydrogen atoms were re"ned with anisotropic displacement factors. Calculated positions of all hydrogen atoms were allowed to ride on their bonded atoms with the isotropic displacement factors "xed with values of 1.2 times those of the bonded atoms. The crystallographic data of 1 and 2 are summarized in Table 1 .
RESULTS AND DISCUSSION
Compounds 1 and 2 were prepared by the self-assembly of CuX (X" ClO\ and NO\ ) with histamine and sodium oxalate in H O (Scheme 1). They were characterized by the elemental analysis, IR spectra, UV/vis di!use re#ectance spectra, and single crystal X-ray di!raction analysis. Compound 1 is soluble in water and in organic solvents such as DMF and DMSO, but insoluble in MeCN and MeNO . Compound 2 is soluble in water and in organic solvents such as DMF, MeOH, and DMSO, but insoluble in MeCN and MeNO . The infrared spectra (Nujol mull) of 1 and 2 SCHEME 1 ? Symmetry transformations used to generate equivalent atoms: prime, !x, !y#1, !z#1; double prime, !x#1, !y#1, !z#1.
show (CN) of imidazole groups at 1506 and 1507 cm\, respectively, (ClO\ ) at 1090 cm\, and (NO\ ) at 1300 cm\. In 1, N}H stretching frequencies of primary amines appear at 3264 and 3315 cm\ while those of 2 appear at 3157 and 3259 cm\, respectively. The (CO\ ) of oxalate in 1 and 2 occurs at 1651 cm\. UV/vis di!use re#ectance spectra indicate that d}d transitions of 1 and 2 occur at 649 and 655 nm, respectively. The values of molar conductance ( + ) are 213 \ cm\ M\ for 1 and 255 \ cm\ M\ for 2 in H O, which correspond to the 1 : 2 electrolytes (15, 16) . This indicates that the ladder-like chains are dissociated to the dinuclear units when they are dissolved in H O.
Crystal Structures
1. An ORTEP drawing of 1 is shown in Fig. 1a and selected bond distances and angles are listed in Table 2 . The coordination geometry around copper(II) ion is a tetragonally distorted octahedron. The copper(II) ion is coordinated by two nitrogens of a histamine, two oxygens of an oxalate, and two oxygens of two perchlorate anions. The average Cu}N and Cu}O bond distances are 1.958(4) and 1.992(3) A s , respectively. The bite distances of the "ve-membered and six-membered chelate rings are 2.660(6) and 2.876(7) A s , respectively. The bite angles of "ve-membered and six-membered chelate rings are 83.9(2)3 and 94.7(2)3, respectively. Perchlorate anions link dimeric units by coordinating copper(II) ions apically, which leads to a ladder-like chain extending along the a axis (Fig. 1b) . The octahedron is elongated along the O4}Cu}O3 axis ("!x,!y#1, !z#1 and " !x#1,!y#1,!z#1) due to the Jahn}Teller distortion of copper(II) ion. The apical Cu}O3 and Cu}O4 bond distances are 2.699(8) and 2.709(8) A s , respectively. The copper(II) ion is 0.036(3) A s out of the square-coordination plane toward O3 atom. The two copper(II) ions within the dinuclear unit are connected by a bis-bidentate oxalato ligand with an inversion center located at the center of the carbon}carbon bond of the oxalato anion. The shortest Cu)))Cu contact within the dimer is 5.167(5) A s and the shortest Cu)))Cu distance along the chain is 7.450(4) A s , although they are separated by four bonds. Between the ladder chains, coordinated imidazole groups undergo the o!set } stacking interactions, which propagate along the c axis (Fig. 1c) (17) . The dihedral angle between two imidazole planes is "0.03, and the shortest interatomic distance between the imidazole groups is 3.325(16) A s [C5)))C5( !x,!y#1,!z)]. The interplanar separation between the imidazoles is 2.97}3.00 A s . Due to this o!set } stacking interactions, the structure becomes two-dimensional. In addition, the imidazole groups of the [
2. An ORTEP drawing of the compound 2 is shown in Fig. 2a and selected ? Symmetry transformations used to generate equivalent atoms: prime, !x#1, !y, !z; double prime, x, y!1, z.
FIG. 3. Plot of +
vs ¹ for 1. The solid line represents the best-"t curve to Eq. [2] . The dotted line is the best-"t curve when the value of N is "xed as 120;10\ cm mol\. bond distances and angles are listed in Table 3 . The copper(II) dimeric unit is the same as that in 1 and the coordination geometry around copper(II) ion in the dimer is also a distorted octahedron. The apical sites of a copper(II) ion are coordinated with a water molecule and a nitrate anion. The octahedral coordination geometry around copper(II) ion is elongated along the O3}Cu}O4 axis ("x, y!1, z). The copper(II) ion is 0.089(3) A s out of the square-coordination plane toward O3 atom. The average Cu}N and Cu}O bond distances are 1.960(3) and 2.004(3) A s , respectively. The bite distances of the "ve-membered and six-membered chelate rings are 2.664(5) and 2.895(7) A s , respectively. The bite angles of "ve-membered and six-membered chelate rings are 83.3(2)3 and 95.1(2)3, respectively. The apical Cu}O3 and Cu}O4 bond distances are 2.319(6) and 2.735(6) A s , respectively, indicating that nitrate ion weakly coordinates copper(II) ion. Within the dinuclear unit, the water molecule coordinating a copper(II) ion forms a hydrogen bond with the nitrate anion binding the other copper(II) ion: O3)))O5 ("!x#1,!y#1,!z), 2.887(8) A s . The dinuclear units are held together by the hydrogen bonding interactions between the nitrate ion coordinating a unit and the water molecule coordinating the adjacent unit (O3)))O6, 2.827(9) A s ) to form a ladder-like chain, which propagates along the b axis (Fig. 2b) . In addition, the imidazole groups of the histamine moieties are involved in hydrogen bonding interactions with the oxygen atoms of the nitrate anions coordinating copper(II) ions of the adjacent chains: N2)))O5( !x#1,!y#1,!z#1), 2.977(7) A s ; N2-H2)))O5( !x#1,!y#1,!z#1), 167.03. The shortest Cu)))Cu distance within the dimeric unit is 5.212(2) A s . The shortest Cu)))Cu distance along the chain is 8.133(1) A s . Similar to 1, between the ladder-like chains, imidazole groups undergo o!set } stacking interactions with the dihedral angle of "0.03. The shortest interatomic distance and the interplanar separation between the imidazole groups are 3.488(12) A s [C5)))C5( !x#1,!y, !z#1)] and 3.11}3.12 A s , respectively. Due to the o!set } stacking interactions (17), the compound becomes a 2-D sheet extending along the (200) plane (Fig. 2c) .
Magnetic Properties
The magnetic behaviors of compounds 1 and 2 are illustrated in Figs. 3 and 4. For both compounds, the value of + decreases as the temperature is lowered up to 50 K, which indicates a very strong antiferromagnetic interaction, and then increases as the temperature is lowered to 2 K, which is indicative of paramagnetic impurities. For the ladder-like chains, the spin exchange might occur along the rungs (the intradimeric interaction) and along the chains (the interdimeric one). For the compounds 1 and 2, however,
The solid line represents the best-"t curve to Eq. [2] . The dotted line is the best-"t curve when the value of N is "xed as 120;10\ cm mol\. the extended pathways involve bridging perchlorate anion and hydrogen bonding interactions between water molecule and nitrate anion, respectively, and thus spin exchange along the chains may be weak. Therefore, compounds 1 and 2 were regarded as an assembly of &&quasi'' isolated dimers, and the expression (Eq. [1]) derived from the spin Hamiltonian H"!2J S ) S #g H(S #S ) was employed for a pair of exchange-coupled S"1/2 ions, with consideration of the external "eld (7, 11, 18) :
Residual interdimeric interactions through the perchlorate and nitrate anions were accounted for by the addition of mean "eld term to Eq. [1] (11, 19) . The equation for the susceptibility will then have the form of Eq. [2] , where J is the interdimeric coupling constant and z is the number of interacting neighbors. In Eq. [2] , contribution of the paramagnetic impurity and temperature-independent paramagnetism were also taken into account:
[2]
The best "t parameters for the magnetic susceptibility data to Eq. [2] are g"2.08, J" !166 cm\, J" 6.46 cm\, "0.0026, N "155;10\ cm mol\, and R"1.03;10\ (g"2.05, J" !162 cm\, J"10.5 cm\, "0.0029, and R"2.95;10\ with the "xed value of N "120;10\ cm mol\) (20) for 1, and g"2.00, J"!158 cm\, J"26.5 cm\, "0.0020, N "136; 10\ cm mol\, and R"7.31;10\ (g"2.01, J" !157 cm\, J"25.0 cm\, "0.0021, and R"1.32; 10\ with the "xed value of N "120;10\ cm mol\) (20) for 2 (R is de"ned as
The J values of 1 and 2 indicate that oxalate anion mediates a strong antiferromagnetic coupling between two copper(II) ions separated by ca. 5 A s . The data are compared with other oxalato-bridged dicopper(II) compounds in Table 4 . For the present ladder-like supramolecular compounds, very strong antiferromagnetic interactions occur along the rungs of the ladder via the oxalato bridge and weak ferromagnetic interactions occur along the ladder chains where the Cu)))Cu separation is rather long (7.5}8.1 A s ). 
CONCLUSIONS
